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ABSTRACT

The motivation of the present article is to focus on the enhancement of teaching and learning in
Physics. This article emphasizes on the implementation of simulation and visualization techniques for
physics teaching. A class is a union of different kind of students from different backgrounds and
capabilities of learning. Some of them may visualize the problem in their mind while some of them
may not. In that case, to better understand the problem, visualization of the problem may help the

students to understand and to make an attempt at solving it.
1 Introduction

To strengthen the teaching, learning and the education system, we need to implement some innovative
teaching practices which will further lead to the social transformations (Nicolaides, 2012). The teaching and
learning establish the relationship between the instructor, learners, experiments, environment of the
classroom and the syllabus (SarOgoban, 2010). The effectiveness of teaching is usually measured by the
outcome of the class. In general, those who have a good command on their subject, have a good style of
delivering their knowledge to their students, are masters in making a good communication with almost all
the students in the class, who are able to reach every student are considered to the good instructors.

An Austrian philosopher and physicist Ernst Mach said: “Physics is experience, arranged in economic
order”. We live physics every day since we wake up till we sleep. We saw many incidents throughout the
time happening around us e.g. the Sun rises in the morning and sets in the evening, the ice cube melts when
we take it out of the freezer, the window glass breaks when a ball hits it, happening of the days and nights,
happening of the solar eclipses and lunar eclipses and many other things we follow in our daily life are being
dealt with the science of physics. We experience physics every day, we saw physics every day but we
overlook its science because probably it is in our daily routine. Nature is the best physics teacher to teach
the science of the physics only if we look at everything carefully.

The falling of an apple gave Newton’s law; it's not like anyone else except Issac Newton did not see the
apple falling on the ground. This is just the matter of perception, how we look the things happening around
us. Physics deals with the study and transformation of matter and energy in different form. Being the
fundamental science of life, Physics must be taught and learn in a very effective way. The effectiveness of
physics teaching may vary with the style of teaching, techniques being used in teaching, the classroom
management, the correlation between the instructor and the learners and so on. The present article is
emphasizing the importance of simulation in physics teaching and recommends the implementation of the

simulation techniques while teaching physics in the classroom.
2 What is Simulation?

Simulation is a particular type of modelling of real system which allows us to do experiment with it and to
understand some very critical phenomenon. The simulations have been recognized as the way of
understanding the world. We can simplify a structure and It can be used for different purposes e.g. for
predictions as well for as a substitute for the experiments. Simulations are applicable in almost every field
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of science. Simulations are also considered as the verification methods for theoretical developments. For
example, we cannot see what is happening on the Sun, but we are known to some of the physical quantities
and conditions of the Sun. in that case, we can simulate this as a real system and can do experiments with
it to understand the underlying science of physics. Shanon (1975) has defined the simulations as “the
process of designing a model of a real system and conducting experiments with this model for the purpose
cither of understanding the behavior of the system or of evaluating various strategies (within the limits
imposed by a criterion or set of criteria) for the operation of the system.” (Ingalls, 2008).

3 Importance of Simulation in Physics Teaching

The major goal of our physics education should be to help students in developing an understanding of
physics concepts. Human beings are capable of understanding the world by making the mental models
(Dervic et al. 2018, Greca & Moreira (1997). Hence, these mental models can be considered equivalent to
the reality and they allow the human beings to derive explanations and predictions of the physical system
they represent (Dervi¢ et al. 2018, Gentner & Stevens, 1983; Johnson-Laird, 1983). However, these mental
models can be made easier to make by integrating with external visualization (Rapp and Kurby, 2008). Using
external visualizations we can improve the capabilities of learners by highlighting the important concepts
of physics, by delivering the abstract information, giving hypothesis and solving problems (Dervi¢ et al.
2018).

While making the visualizations, we should not forget to highlight the key features of the problem and to
ensure that this visualization will help the learners to make predictions, to reach a conclusion (Dervié et al.
2018, Zou, 2000) and also to imagine beyond the problem described in the visualization. As the science of
physics is directly and indirectly related to the routine human life, we should try our best to connect the
visualization to the physics of daily life. One of the important cognitive activities needed to learn most of
the physics concept is to establish the cause-and-effect relations. In general, developing mental models is
easy for the learners if they can establish the cause-and-effect relationship. The simulation used to
establishing the cause-and-effect relationships is said to be the interactive simulation in which a learner has
the freedom to change the parameters and to visualize their effects (Dervi¢ et al. 2018).

The cognitive load theory can help an instructor in designing and using the simulation during the
instructions (Dervi¢ et al. 2018). This theory said that the human working memory is comparatively less
(Dervi¢ et al. 2018). The work of Shell et al. 2009 reveals that the human working memory can only hold
approximately 5-7 chunks of knowledge at the same time. In that case, an instructor has to be very careful
towards the learners regarding this cognitive load (Dervi¢ et al. 2018).

It has been seen that use of computer-based programs and simulations/ visualizations is increasing in the
senior secondary level education of physics and chemistry (Patk, et al., 2008; Phillips, Norris & McNab,
2010). The use of simulations in classrooms is increasing as by doing this the students are being benefitted
to understand that phenomenon which is even more difficult to understand using an instructor’s lecture,
with a drawing on a whiteboard or with a screen presentation (Fan & Greelan 2012). There are a few books
which collect the research on such new tools of teaching and learning (e.g. Gilbert 2005; Gilbert, Reiner
and Nakhleh 2008). It is evident from the works of Annetta et al., 2009; Cifuentes and Hsieh, 2001 and
Delgado & Krajcik, 2010 that the scientific visualizations help the students to learn, understand and to
increase their engagement with learning.

On the behalf of the discussions in the present article and the works catried out by several authors in
education, Physics learning, education with simulations and cognitive sciences (e.g. Singh and Kumar, 2018,
Dervi¢ et al. 2018, Shell et al. 2009, Dervi¢ et al. 2018, Zou, 2000, Greca & Moreira 1997, Rapp and Kurby,
2008, Gentner & Stevens, 1983; Johnson-Laird, 1983, Greelan 2012, Gilbert 2005, Gilbert, Reiner and
Nakhleh 2008, Park, et al., 2008; Phillips, Norris & McNab, 2010 and references cited therein) a general
conclusion derived is that the simulation and visualizations are helpful to improve the learning capabilities
of the targeted learners in the classroom.
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4  Conclusion

A classroom is a union of different learners from different backgrounds with different capacities of learning;
an instructor should connect to every learner. As a group of learners may feel difficult to make mental
models of the problem, the external visualizations may help them to make mental models and can motivate
then further prediction and derive the conclusions. An instructor must be careful with the cognitive load.
There are several meritorious students who in fact solve difficult numerical and theoretical problems of
physics are not able to correlate the real-life incidents with the physical concepts. This is not because they
can’t do but this is probably because of the motivation in the right direction. Hence, in my opinion, an
instructor must try to correlate the physics concepts with the daily life physics.
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